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Sofia 1126, 5 Anton Ivanov str. BULGARIA 
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Engineering, Faculty of Hadioelectronics, 

Dept. of Computer Engineering, Sofia, BULCARIA 

ABSTRACT 

Some problems about registration of low intensity 

spectral lines by using photon counting method are dis- 

cussed. Application of the MC6840 Programmable Timer in 

automated data acquisition systems is described. A micro- 

processor based automated system for registration of spec- 

tral lines with piezoelectrically scanned Fabry-Perot in- 

terferometer is described. Algorithms are shown. 
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220 KOINAKOV, DUNCHEV, AND FURNADZIEV 

INTRODUCTION 

The modern optical spectroscopy experiment needs 

the use of computer technique and the automation of the 

spectral measurements requires a real time micro- 

processor control. That is why the questions connec- 

ted with the optical signal analog - to - digital con- 
version, the methods of data acquisition and data pro- 

cessing and the feed - back realization are of great 
importance. 

The registration of l o w  intensity optical signals 

is of great interest because of the dark - current back- 
ground emission. The photon counting method gives very 

good results ( 5 )  in low intensity registration where 

the photo receiver is a photo multiplier tube and the 

number of counts indicates the intensity of the optical 

signal. The photon counting method needs a TTL standardi- 

zation of the anode pulses because they are with statis- 

tically distributed amplitudes. The scheme diagram of the 

standard photon counting system ( 1 )  used by us is shown 

on fig. 1 .  

If a scanning registration is applied the period 

of photon counts acquisition defines the channel width 

when a preliminary statistical accuracy in channel is 

given. The bigger the number of the channels i.8. the 

smaller their width is, the bigger the accuracy on the 

scanning parameter becomes. The maximum number of the 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
1
3
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



MC6840 PROGRAMMABLE TIMER 

PM’r D I S C 1 t 1  
with _c - SHAPING‘- 
amp 1 i f . M I w ’ r u  I 

221 

LIGHT SOURCE 

TTL 

1 

~~ 

Fig. 1 

Standard photon coun t ing  system 

channels i s  l i m i t e d  by t h e  computer memory p o t e n t i a l i -  

t i e s  and by t h e  d e s i r e d  scanning parameter accuracy.  

There a r e  s e v e r a l  methods f o r  channel width determina- 

t i o n  and f o r  i n p u t  d i s c r e t e  i n fo rma t ion  accumulat ion 

when a photon coun t ing  method is a p p l i e d .  We w i l l  d i s -  

cuss  t h e  c a s e  when t h e  M C 6 8 h 0  programmable t i m e r  i s  

used (3). I n  t h i s  way i t  is p o s s i b l e  t o  accumulate t h e  

infomation during 100% o f  t h e  measurement t i m e  wi thout  

l o s s  o f  i n fo rma t ion .  As i t  i s  we l l  known ( 4 )  t h e  MC6840 

/PTM/ c o n s i s t s  o f  t h r e e  independent 16-bit  b i n a r y  coun- 

t e r s .  Each o f  t h e  t h r e e  c o u n t e r s  w i t h i n  t h e  PTM has  ex- 

t e r n a l  c lock  € and g a t e  i n p u t s  as wel l  as a c o u n t e r  

ou tpu t  l i n e  0. The cont inuous o p e r a t i n g  mode a l l o w s  t h e  

count ing t o  be  c o n t r o l l e d  through t h e  a i n p u t :  G=@ ena- 

b l e s  and E=l  d i s a b l e s  t h e  coun t ing . In  o u r  scheme rea -  
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222 KOINAKOV, DUNCHEV, AND FURNADZIEV 

lization the channel width is defined by the Timer Coun- 

ter 3 which works in continuous normal 16-bit counting 

mode, with prescaler, internal E clock, with enabled out- 

put and enabled interrupt /CH36=1/. The 16-bit word writ- 

ten in the Timer 3 Latches defines the channel width. 

It is evident that in this way the maximum channel width 

is 524 2 8 8 p S  /65536x8/. If the channel width has to be 

larger an external pulse generator with frequency less 

than 1 M H z  o r  an external frequency TTL divider has to be 

used. The output 03 monitors the Timer Counter 1 and 2 

through their gate inputs. Since the Timer Counter 3 ge- 

nerates a square wave form Timer Counters l and 2 work 

consecutively depending on the 6 state of the inputs 
or c2 - fig.2 and fig.3. 

input MC6840 D-UtJS A-BUS c-nus 

inform. I 

HS$4 
its 1 

CS l = V M A  
E 

I</ w - 
I H Q  

I I I 'i 
Fig. 2 

The MC6840 used as a photon counter 
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MC6840 PROGRAMMABLE TIMER 223 

- 
G2 

- 
G l  

Fig. 3 
Time-diagram illustrating the 
MC6840 work as a photon counter 

The data receiving procedure can be started by an 

interrupt request or by organising periodically test of 

the Bit 7 of the Status Register i.e. the Composite In- 

terrupt Flag. In both the cases this flag goes up when a 

Time Out of the Timer Counter 3 occurs i.e. at the end 

of the formed time interval which defines the channel 

width. 

The advantages of this method are as follows: 

- The channel width is programmely determined and 
may vary in large intervals; 

- The main programme may be arbitrary complicated 
independing on the channel width; 
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2 2 4  KOINAKOV, DUNCHEV, AND FURNADZIEV 

- There is no loss of information during the data 
interchange between the microprocessor and the periphery 

due to the synchronous work of the Timer Counters 1 and 2. 

EXPERIMENTAL 

Fig.4 shows a block diagram of automated sys- 

tem for low intensity spectral lines registration by 

means of piezoelectrically scanned Fabry-Perot inter- 

ferometer. The bulgarian microcomputer IZOT 0220 /ba- 

sed on MC6800, Motorola/ stabilises the preliminary 

defined light source intensity, determines the momen- 

tum of the scanning start and accumulates the data. The 

channel width is programmely defined and depends on the 

rate of scanning and on the free spectral range of the 

etalon ( 7 ) .  The stabilization of the light source inten- 

sity is realized by means 

controls a programmable d.c. supply unit (2) through an 

&bit Digital-to-Analogue Converter /DAC/ and side B re- 

ceives the data from an 8-bit Analogue-to-digital Conver- 

ter /ADC/.  The information is received by the Program- 

mable Timer MC6840 in the above described way. The start 

of scanning is programmely defined and it becomes when 

of a PIA /MC6821/ where side A 

the necessary constant source intensity is reached. The 

Fabry-Perot interferometer is UFPS-1, DDH, coupled with 

a monochromator - SPM-2, DDH. The photo multiplier tube 

used for the photon counting system is of the type EMI- 

6094B. The home-made fast constant fraction discrimina- 
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Hollow cathode 

lamp r 

UFPS- 1 

i-y---- 

Fig. 4 
Automated system f o r  l o w  intensity 

spectral lines registration using a 

Fabry-Perot interferometer 
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226 KOINAKOV, DUNCHEV, AND FURNADZIEV 

tors forming the standard 'ITTL pulses are with self time 

resolution less than 150 pS. The light source is a hol- 

low cathode lamp. 

SOFTWARE 

An ASSEMBLER programme is created for the system 

control. The algorithm is shown on fig.5. 

After the system initialization the main programme 

for the source intensity stabilization is started. When 

a preliminary defined steady source intensity is reached 

the interferometer scanning is started. After a time in- 

terval /for hysteresis elimination/ the data acquisition 

begins, the interrupt is enabled and the microcomputer 

returns to the main programme, After each time interval 

equal to hch an interrupt request via IHQ line starts 

the Receive Data Subroutine which transfers the stored 

information from the timer counters to the appropriate 

memory location. At the end the next memory address 

/channel/ is prepared. Reaching the last channel the 

system is switched-off automatically. 

- 

RESULTS 

On fig.6 is shown the isotopic structure of 

Cd 479.92 nm line registrated without computer stabi- 

lization and on fig.7 is shown the same line regis- 

trated with our automated system. The maximum devi- 

ation between the peaks is 8,516 from the deviation 
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Nf 

NO 

NO 

start 

system 
initialization 

of source 

source 

YES 

is started e YES 

l - l  start scanning 

i n t errup t 

I R Q  available - 
next channel 

Fig. 5 
Algorithm of the programme 

f o r  the system cont roL 
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Fig. 7 
Isotopic structure of Cd 479,92 nm with computer 

stabilization of the source intensity 
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in the first case and it doesn't overcome the statis- 

tical channel accuracy as well. As a conclusion we can 

say that the photon counting system with MC6840 is ver- 

satile, reliable and gives maximum accuracy. 
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